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Introduction
Let f (x) = n i=0 a i x i and g(x) = n i=0 b i x i be two polynomials of equal degree. Their Hadamard product is the polynomial (f • g)(x) = n i=0 a i b i x i . A classical result of Maló states that if all zeros of both f (x) and g(x) are real and those of g(x) have the same sign, then all zeros of (f • g)(x) are real as well (see, e.g., [8, Problem 155, Part V] ). Denote by P n the set of polynomials of degree n with positive coefficients. Let f (x) = n i=0 a i x i ∈ P n and p > 0. Following [4] , the pth Hadamard power of f (x) is defined as the polynomial Throughout this paper all polynomials considered have positive coefficients. We show that if a cubic polynomial f (x) has only real zeros, then so does f
[p] (x) for real p > 1. We also show that there exists a real number P n > 1 such that if a polynomial f (x) of degree n has only real zeros, then so does f
[p] (x) for p > P n .
Main results
We present our main results in this section. Proof. We distinguish three cases to show that three zeros of f [p] (x) are all real. Case 1. Suppose that f (x) has a zero of multiplicity 3. Then we may assume, without loss of generality, that f (x) = (x + 1)
3 . Thus
The quadratic factor x 2 + (3 p − 1)x + 1 has two real zeros for p > 1 since its discriminant
are therefore all real. Case 2. Suppose that f (x) has a zero of multiplicity 2. Then we may assume that f (x) = (x + 1)
2 (x + r), where r > 0 and r = 1. Let f * (x) = x 3 f (1/x) be the reciprocal polynomial of the polynomial f (x). Then f * (x) = r(x + 1)
and that a polynomial has only real zeros if and only if its reciprocal polynomial has the same property. So it suffices to consider the case r > 1. Now
has one real zero in each of three intervals (−∞, x 0 ), (x 0 , −1) and (−1, 0). Actually, we have
< 0 for 0 < x < r + 1 and p > 1. Thus g(x) is monotonically decreasing in the interval (0, r + 1), and so
It is well-known that 2 (i) if ∆ > 0, then f (x) has three distinct real zeros; (ii) if ∆ = 0, then f (x) has a multiple zero and all its zeros are real; (iii) if ∆ < 0, then f (x) has one real zero and two nonreal complex conjugate zeros.
Note that the discriminant ∆(p) of f Theorem 2. If f (x) ∈ P n has only real zeros, then so does f
[p] (x) for p > P n , where
log 2 (n+2)−log 2 n , if n is even; 2 log 2 (n+3)−log 2 (n−1) , if n is odd.
(1)
Proof. Recall the Newton's inequality: if f (x) = n i=0 a i x i has only real zeros, then
